Abstract-In this paper, we present a novel modified Fuzzy Cmeans algorithm with symmetry information to reduce the effect of noise in brain tissue segmentation in magnetic resonance image (MRI). We integrate brain's bilateral symmetry into the conventional Fuzzy C-means (FCM) as an additional term. In experiments, some synthetic images, and both simulated and real brain images were used to investigate the robustness of the method against noise. Finally, the method was compared with the conventional FCM algorithm. Results show the viability of the approach and the preliminary investigation appears promising.
INTRODUCTION
MRI has facilitated in vivo visualization of the brain. Many clinical diagnosis and research applications using brain MRI require a segmentation of brain images into different tissue classes. However, brain image segmentation is a complex and challenging task. Despite the number of segmentation methods in the literature [1, 2] , the use of automated methods in clinical practice is still limited. The automated segmentation of brain tissue in MRI is a challenging task due to various image artifacts, such as noise, intensity non-uniformity (INU) and partial volume effect (PVE) [2, 3] . It is crucial to take advantage of anatomical features of the brain as a priori information for accurate segmentation.
Fuzzy c-means algorithm as a soft segmentation method is one of the most used techniques for brain image segmentation as it can handle uncertainty by incorporating fuzziness for the belongingness of each image pixel. Therefore, in comparison with crisp or hard segmentation methods, FCM can retain more information from the original image. However, conventional FCM does not consider any spatial information from the image context, which makes it sensitive to noise. Several other methods have been proposed by exploiting spatial information and modifying the standard FCM objective function [3, 4] . These are mostly to incorporate immediate neighborhood information of a pixel. A previous work based on region-growing algorithm [5] has exploited bilateral symmetry information for image segmentation. However, they have not considered brain image segmentation. Despite the fact that the human brain exhibits approximate bilateral symmetry, to the best of our knowledge, this is the first attempt to use bilateral symmetry information for brain tissue segmentation.
Specifically, our first step is to accurately identify the brain symmetry plane [6, 7] . The plane passing through the boundary between the two brain hemispheres is usually considered to be the mid-sagittal plane (MSP). Brain symmetry plane is generally approximated by MSP (see Fig.1 ). For identifying the accurate location of the MSP, we have used the method described in our previous paper [7] . In standard FCM algorithm, the classification of each pixel is determined by its intensity value. However, in our proposed method, the classification of each pixel is also influenced by the pixel in a symmetrical position with respect to the global symmetry axis. We call this pixel a mirror pixel. The aim of this paper is to show the feasibility and robustness of the algorithm by integrating the symmetry information. In experiments, some synthetic and simulated brain images were used to assess the performance of the new method in comparison with standard FCM. 
II. METHODOLOGY

A. Standard Fuzzy C-means (FCM) Algorithm
The FCM algorithm [8] assigns pixels to each category by using fuzzy memberships. Let X={x k , k=1,2,..N} denotes an image with N pixels to be partitioned into c clusters. X k is the intensity value of pixel k. The FCM algorithm is an iterative optimization that classifies X into c fuzzy clusters by minimizing the following objective function with respect to the membership function u and centroid values v
u ik is the fuzzy membership value of pixel k in cluster i, 
B. Modified FCM with Symmetry Information
The integration of information from the image context is important for accurate image segmentation. When segmenting symmetrical or nearly symmetrical image objects, this symmetry information can be utilized to give better segmentation in noisy images.
In our algorithm, we assume that the location of the global symmetry plane of the symmetrical/approximate symmetrical image is known. As mentioned previously, in brain tissue segmentation this symmetry plane is the MSP. Then, for each pixel a degree of symmetry value is computed. Although various symmetry measures can be used here [9] , we defined a symmetry measure as follow x is considered to take as median of the neighbors within a specified window around x t .
Based on this symmetry information, our modified FCM (SymFCM) objective function can be defined as follow. This modified symFCM for brain tissue segmentation can be summarized in the following steps. Step1. Read the brain volume data. Step2. Pre-compute the degree of symmetry matrix for the entire image. Step3. Set the number of tissue classes c, select initial cluster centroids, and set the ε to a small value (1x10 -5 ).
Step4. Update fuzzy membership u ik using eq. (6) Step5. Update cluster centroids v i using eq.(7).
Step6. If Step7. Get the final segmentation results using the maximum fuzzy membership value of each pixel.
Since the degree of symmetry can be pre-computed, the algorithm is fast and efficient. 
III. EXPERIMENTAL RESULTS
In order to verify the validity of our approach, we used 2D synthetic grayscale images which have either a global symmetry axis or a global approximate symmetry axis. [11]. Prior to segmentation, the extra-cranial tissues such as skull and meninges were removed from all images. Then, the brain images were classified into three tissue classes: Gray Matter (GM), White Matter (WM), and Cerebrospinal Fluid (CSF).
Some of these results obtained are shown in Fig.2-Fig.7 .
A. Qualitative Evaluation
In these figures, segmentation results are compared with the segmentation obtained from standard FCM. When a qualitative comparison is done, it can be seen that the proposed method shows better segmentation in these images. When a non-symmetrical image is used as in Fig.3 , although there is a misclassified region due to the consideration of symmetry, it still achieves better overall segmentation. Moreover, Fig. 6 and Fig. 7 are real images with INU.
We believe that the accuracy can further be improved when used along with spatial information, and bias field correction.
B. Quantitative Evaluation
In order to measure the quality of the segmentation performance quantitatively, we also apply segmentation accuracy measure (SA) given by, % 100 × = pixels of number Total pixels classified correctly of Number SA (8) In this paper, we presented a modified fuzzy c-means algorithm that incorporates symmetry information in order to improve the segmentation results. Degree of symmetry was computed for each pixel/voxel about the global symmetry axis/plane. This information was transformed into a weighting function which was incorporated into the objective function.
The new method was tested on synthetic images as well as simulated and real MR brain images. Preliminary results showed that the effect of noise in segmentation was considerably less with the new algorithm than with the conventional FCM.
For future work, we would incorporate spatial information into the current objective function and take into account the intensity non-uniformity to further improve the segmentation accuracy.
